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A MICHOWATE lABDlSO SYSfSM AS» ITS ASSOCIATED 
iSfisHKA moBhm 

U A BiaSB’ HISfOEY OF LAID IB0 SYSTEMS 

fh& problem of lanaing m airoroft on a isarrov 
rvm&y whan oellinga art low and vlsabllitjr poor ia 
Indead a ooiaplox one* It is evident that any e< 2 ,uipaent t 
neetina this exsoting reqniresient must have the highest 
preoieion and dependability. 

feohni^ues for the lending of airoraft under adverse 
weather oonditione have been a eub;}eot of disomseion 
end developaent sinoe I9I!S* 

With the development of the radio range eyatem in 
1988 the Bureau of Standards for the Aeronautics Branch 
of the Departnent of Coasmeroe devised a system to bring 
an eiroraft down to the runway, fhla eysteza utilized 
one leg of the radio range aligned with the desired 
runway for direetional guidancetSeveral marker beaeons 
iQoated on the oourse for distance infornation and a 
berometrio altimeter for height data, ^is method suffered 
from two baeio feulle{baro»etrlo altimeter errors were 
bad and effeota of transmission lines,terrain and 
railroad treohs at the low frequenoies used esused 
felee oouraes and benda in the range leg. 

In an attempt to eliminate the barometrio altimeter 
and yet obtain height inforfflation,a system was proposed 
by the Bureau of Standards in 1989 in which guidance in 
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the vertical plan© was obtained bjr a constant-lntensity 
glide path (defined as the locus of all points along the 
localiser where the field intensity is the sme as that 
at the desired touch-down point on the runway)* The 
runway looalieer operated on 278 kc#^ the glide path <m 
©0*8 mo* and the marker beacons on 3105 kc* A cross¬ 
pointer meter in the aircraft provided a visual indica¬ 
tion of the position of the aircraft with respect to the 
locallser and glide path* The beacons used for distance 
information were identified by different modulations* 
Tests at this time indicated that the system had great 
possibllltiesi however the localizer still had course 
bends* and the long drawn out low altitude constant- 
intensity glide path depended on too many factors which 
were likely to vary sudi as receiver sensitivity and 
transmitter power output* 

In the early part of 193S the Airways Division of 
the Department of Commerce, resorting to the aural rang© 
system, devised a method whereby the pilot, by using tb«i 
cone of silence directly over the range station, timed 
turns, specified rates of descent, the radio range logs 
and a barometric altimeter could fly an aircraft down to 
a point 500 feet over the end of the runway* This system 
with the substitution of the radio (absolute) altimeter 
for the not too reliable barcaaotrlo altimeter is In use 
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alj eb® tl®®# 

A iator th© l>or®ti« Company in Genaany 

€©wl 0 P®a a looalittap Imving two logs aM oporatlng 
on 33#S me# tho tr©n 0 mittej* ©Kcdtoti Uie ceator aateatm 
of th3?@& vertical half«»wave antennas facing the rusmay# 

^ fb© outside antennas were reflectors spaced a quarter* 
wave from the eascite^a mtenna# One reflector was keyed 
hy V hy means of a aliortcircuiting relay at its center 
and tti^ other keyed wifcli an By interlockls^ the 

keying and switching at tho proper rate two elliptical 
pstteivMi were cfetalnefi nhif&i gave a wntinuou® algnel 
on course and a ’^©clasSnant A or II to either side of 
the course* mala transsitter output mB ©odvdiated 
at IISO oyoles per second* ihls sodulstet! eigiml was 
rectified at the receiver and fed to a meter which 
indicated position relative to course* this fora of 
visual imiioation was poor because of the kleking 
action of the i»edle w'-icn off course# 

In 1SS8 the Bendiat Company end United Alrlltiee 
desonstrated a system employing two yogi antennas dir¬ 
ected in such a sanner that their patterns produced 
an overlapping locallscr course* *031® energy in each 
antenna was keyed at 70 end 60 cycle per second 
respectively* 

By 1636 the International Teleitione fevelopamt 


Gomp&ny (I.f.O.) instolled at Indianapolla a landliig 
system coi^lete with loeallser, glide path aad two 
masrkers. fhe looalizer operated at 10d«9 mo* asA 
utilized the aewly developed paddle-type meolmiiioal 
modulators* fhe paddles were used to detune eoupled 
line modulating sections* Cross modulation was elimin¬ 
ated by anti-omoss modulation bridges* fhe glide path, 
now operating at 93*9 mo* and being of the constant 
intensity type, still was the weakest point in the 
system. 

At this time the Massachusetts Institute of 
Technology was woiking on a landing system in the 700 
mo* range* The use of horns with a SO degree flare and 
SO ft* by 10 ft* by S*5 ft. at the month was an unusual 
inovatlon* ’The glide path was determined by the equl- 
signal region between the two sharp overlapping patterns 
produced by two horns at a slight angle to each other* 
Fli^t tests indicated a 50 mile range* Cathode-ray 
tube indication was used. Localizer, glide path and 
attitude information were ocabined and pres^ted on a 
cathode-ray tube. Difficulty was encountered in ob¬ 
taining a glide path at a low enough angle to the ground 
without serious ground reflections* lack of suitable 
high frequency tools imposed further limitations at this 
time* 


la 1942 a ocjroplete instrment landing system ©m-> 
ploying ©qui-signal techniques In both, the localieep 
and glide path was ©vol'^ed from the I«T<|15# system* 

This system has been officially adopted by the Civil 
Aeronautics Administration for civil aviation and by 
the Army Air Forces for military aviation* 

In this system lateral and vertical deviations 
frcai the desij^d flii^t path were indicated to the 
pilot on a Cross-pointer meter aad rang© information was 
obtained by three marker beacon transmitters* Localizer 
glide path end marker beacon transmitters were required 
in the airorafti The localizer transmitter was located 
on the up-wind end of the runwaythe glide path trans¬ 
mitter about 500 feet to either side of the runway 
and about 800 feet up-wind from the desired touch down 
point and the markers were located on course at the 
airport boundary# 4500 feet and 4*6 miles respectively* 
The localizer tranaaitted a modulated carrier frcaa 
the sideband antenna* ihe sidebands from the modulated 
carrier combined with the pure sideband signals in the 
aircraft receiver end the received modulation pattern 
was due to the algebraic sum of both patterns# Two 
overlapping patterns were produced, one modulated at 
90 cycles per second mad the other modulated at 150 



oyoles por second. The oqui«*slgnal Xocns of points of 
those two patterns defined the localizer coursofc 

The glide path whidb. was also an eq'ai-*signal 
path was formed hy two antennas on© above the other* 

The npper antenna pattern was modulated at 90 cycles 
par second and the lower at 150 cycles per second* 

The design of these antennas was such that the 
intersection of the lower lobe of the upper antenna 
and the underside of the lower antenna pattern defined 
the ^ide path* This path, which was essentially 
linear, was adjustable froa 2 degrees to 5 degrees 
with the ground* 

The localizer operated on 110 me* and the glide 
path on SSO mo* These carriers were obtained by 
conventional multipliers using crystals in the basic 
oscillator* 

. Ohe receivers for the localizer and glide path • 
were of the superheterodyne crystal controlled type* 

The metering circuit consisted of two band-pass filters 
(one for 90 cycles per second and the other for 150 
cycles per second) and copper oxide rectifiers with a 
150-0-160 microampere meter connected across the 
output to indicate ih© difference between the 90 
cycles per second and 150 cycles per second voltages 



fed to the. filters# ihe glide path receiver also 
incorporated an artificial course^softenins featm’e 
which will he explalnof later in connection with a 
Kiorowaire landing syatem* Two small half«*wawe 
dipoles served as antennas# 

The marker beacons transmitted a vortical pattern 
tram a half-wave dipole a quarter-wave above the 
ground* The frequency was 75 mo# and each marker 
was given a distinct identifying modulation# 

This system# although adopted aa the present-day 
landing system# has numerous faults# .At the fre¬ 
quencies involved the antenna patterns are formed 
in part by ground roflections# Any antenna system 
which uses a reflector with a variable dielectric 
coefficient is bound to have Inconslstant patterns# 
Bince the ground is effected by snow# rain and the 
moisture content of the atmosphere its dielectric 
coefficient will change effecting the patterns* The 
oharacteristios of the glide path will also be a 
function of the number and typo of reflecting objects 
In the vicinity and the contour and slope of the 
terrain* Thus the system requires special consider¬ 
ation and compensations for each airport set-up* This 
likewise makes portable use of one equipment on any 
on© of a number of runways on the same airport Im- 
practable# It should be laantlonod that the stability 



and accuracy of the localizer course arc quite satis** 
factory and suffice for present day landing techniques* 
It is interesting to note at this point that all 
of th .0 preceding equtpaents had one thins in coamon# 

The pilot received sxiffiolent information directly 
on Borae fo3«a of iTwllcating equipment in the plan© 
to i^mlt him to fly a predeteralnod approach path 
to the runway* In the later systems the aircraft was 
required to carry 3 receivers* 

In the spring of 1945 the Radiation Laboratory 
of the Massachusetts Institute of feohnology developed 
a system of laioding aircraft which was not restricted 
to aircraft equipped with spoolal looalizerj glide 
path and marker receivers* 

This method of landing aircraft differed from 
all of the, preceding methods. Here sufficient infor* 
mation regarding the position of an aircraft with 
respect to a predetormined flight path la received by 
equipment on the ground and the pilot informed by 
ground personnel as to the <x>urse he should fly to 
bring him d^wn this predeteminod path* 

The system which falls into this latter category 
is Radio Set Ground Controlled Approach 

Radar (GQA)* In this equipment aocurate and continuous 
information regarding the location of an aircraft with 



respect to a prodetomined flight path Is presented 
to radar operators as lateral and vortloal deviation 
froia the aeleotod approach path and Is cojssmsnicatod 
to the pilot In the form of instructions as to the 
coitrse he must fly to make the proper approacdoi to 
the runoay* 

This equipment consists basically of two ccanplete 
radar systems# The first is the "search system” con¬ 
sisting of a radar transmitter operating in the 
S Bend of freqpaencles witix a range of 30 miles and 
providing a 360 degree scan with PPI presentation# 

The infoimation received by this system is used to 
locate and Identify all aircraft within the search 
area and funnel them into a specific area off the 
down-wind end of the runway covered by another radar 
system# This second system or so-called "precision 
system" uses a radar transmitter operating in the 
X Band of frequencies# This system covers an area 
in space which is 20 degrees wide In asimuthji 7 
degrees high in elevation and has a maximum range of 
10 miles# It is this equipnont which provides the 
ground control operators with the precise information 
req^llred to guide the pilot of an aircraft over a 
proper approach to a runway# The major components of 
these two systems are duplicated in the form of 



Cfeannela A end 3# 

Pefhapa th© siost imiqu© feature of the equipment 
la the method of scanning used in th® precision syst^a# 
I’he antenna system consists of two antennas providing 
extremely narrow heemsi one scanning through 7 degrees 
In elevation and the other SO degrees in aeiimstht These 
two antennas energised alternately hy an K#F* 
Bwitciiins unit* The elevation antenna consists of 
a collinaar array of 165 dipoles fed hy prohos extend¬ 
ing into a 14 foot section of wave guide whose 
lateral dimension is variable aM located at the 
focal line of a seal-cylindrical reflector of para¬ 
bolic cross-section* Due to the phase relationship 
existing between the radiation from Individual dipoles 
at various points In the field of the antenna, the 
array is highly directive and energy is radiated Sn 
a very narrow beam* If the width of tho guide is in¬ 
creased the wavelength of the energy in the guide is 
decreased and the phase difference between each 
successive dipole is increased resulting in e shift 
of the antenna boma toward the locul end of the wave¬ 
guide, Tho amount of this waveguide variation la 
sufficient to cause tiie antenna beam to scan through 
an angle of 7 degrees. The atlmuth antenna consists 
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of a coHinear array of 114 dipolea utilielag the 
e«o theory and acanning through 20 degrees in 
azimuth* 

The GOA system of landing aircraft is unique 
in one detail - it can be relied upon to furnish 
accurate let-*down information to all aircraft 
equis^ed with a conventional receiver# Since the 
corrective flight infonaation is given to the pilot 
aurally^ he is not required to observe one other 
instrument during that part of the flight which re¬ 
quires the most skill# However any systea with a voice 
link has inherent delays * the delay on the ground 
while the radar operator Interprets what he sees, the 
delay while the pilot Interprets what he hears and 
the delay while the pilot reacts to what he inter¬ 
prets# Burins the final stage of the landing# these 
cumulative delays con produce errors of considerable 
magnitude# These errors in conjunction with the 
system errors limit the minimum altitude to which the 
aircraft can be talked down safely# 

Simultaneously with the foregoing work and with 
the develo|SBent of the klystron the Sperry Gyroscope 
Company was working on a microwave lending system in 
the 2600 me# range* It was reasoned that higher 
directivity and a vertically tilted type of antenna 


systeia wouXd eliminate the problems Inherent In the 
low frequency glide path-locallaor syateras, 

fh© Sperry Microwave Instriaaent lending System ^ 
Comprises three main components - two mobile ground 
tranffittltiers and a receiver wlilch Is installed in 
the aircraft, ^h© two ground transmitters project 
patterns in space which define the approach path. 

The glide path transmitter produces ossontlelly 
a plane tilted at approximately 2*5 degrees to the 
horizontal while the localizer produces a vertical 
plane intoraecting the center line of the runway and 
extending in the down-wind direction. The tranemlttera 
are located as shown on page 13* The localizer trana» 
mitter is placed 200 to 500 feet up-wind of the rvmway 
and the glide path transmitter is placed about 500 
feet frcmt the down-wind end and 400 to 500 feet to 
either side of the runway* 

The reoelvins equipaent in the aircraft takes 
the projected information and conveys it to the pilot 
in the form of visual meter Indioatlons* 

Glide Path 

The glide path transmitter, shown on page 14, 

1/ tiso oi? l^lorowaves for Instrument Landing* Sperry 
Report by Donald F* Polland, Feb* 13, 1946* 
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consists of a ci^atal controiled transmittsr operating 
at 2617 mo* vhiolx feeds a oomblned meohanloaX modulator 
and switch# The ontpnt of the modulator is fed into 
an antenna composed of a oyllndrioal section of a 
parabola* The parabola is fed in such a manner that 
two beams of the desired shape one sli^tly above 
the other are transmitted into apace (page 16)* The 
intersection of these two beams provides the flat straight 
line glide path the angle of which will govern the 
rate of descent of the aircraft* The radio fre«^ 

Quency energy in the lower beam is modulated at 600 
cycles per secocul and that in the upper beam la 
modulated at 000 cycles per second. The actual glide 
path is produced by the equi«»signal intersection of 
these two beams* 

Since the glide path is essentially a straight 
line, the point of landing will be a function of the 
height of the aircraft antenna above the ground* the 
angle of the glide path and the distance the trans¬ 
mitter is froa the down-wind end of the runway# I^ater 
it will be shown that this is also true at any fixc^ 
distance from the runway when the glide path is 
not a plane but has a flare that varies in a known 
manner as distance from the transmitter is increased* 

The usable range of the glide path will be limited 















mainly toy the maximm altitude at irhich interception 
takes place* This in turn elll toe dependent upon the 
glide path an^e* For an angle of 2*6 degrees a 
range of 80 miles at 12,000 feet is quite feaaatole* 
Localizer 

The localizer tranmjitter, page 38, is very 
similar to the glide path transmitter with the 
ception of the antennas and modulator unit* Si^ce the 
difference tootween the two transmitters is only in fro* 
quency and in the radiated patterns, many of the compo* 
nents can toe interchangod. The localizer frequency 
of 0640 mo» and the glide path frequency of 2617 mo* 
permit use of waveguide feeds frcm transmitter to 
modulator to antennas* The same theory used to fom 
the glide path pattern is utilized in the localizer* 

Two distinct toesms from a segmented off-set fed paratoola 
' are comtolned to provide a vertical equl-aignal plane 
aligned with the center line of the runway* The toeams 
in this system are uni-directional due to the type of 
antennas used* This property reduces the possitoility 
of smtoiguity inherent in any tol-dlrectional system* 

AS shown On page 19, the radio frequency energy in 
the left hand toesa is modulated at 600 chicles per second 
and that in the right hand beam is modulated at 900 
cycles per second* However, due to the prominence 
of the side lotoes from the main toeams it is necessary 
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in the loocilieer to add anxiliary antonnao to anlsaerg© 
them# Tik® radio frequency jmtteme of thee© atwillory 
antennae are also modulated at aaad 900 oyoles per 
eecond as stiom on page 

fhe looaliser antenna struotur© eoasists of a six 
foot paraholoM separated into tm secticns hy a vertical 
separator ©eeh soot ion toelaa fed toy a separate waveguide 
Two six foot oyllndrieal paratoolas ©re looated one on 
each side of the main peratooloid and point at 45 
de^pees to the eenter line of the runway* 

Since propagation at 2600 me* is practically 
linear I the equipaeat can toe set up toy optical nujans 
alone# By use of a theodolite the localiser can toe 
aligned with the center line of the runway aiad toy means 
of a ealitorated tlltias syst®a with liquid levels the 
glide path trailer can toe set at any desired glide path 
angle tvom 2«5 to 4 degrees# 

Aircraft Receiver 

^e aircraft equipment consists of a microwave 
antenna# a receiver# power supply# Junction toox# control 
toox and a oros8*pointer meter totaling 68#@ pounds# 

The receiver antenna (page 22) is normally mounted on 
top of the airex^t# This entenna consists of an array 
of thz^e triple«»dipoles spaced half*wave length apart 
on a rigid coaxial line# %e asiimith field pattern 








Qt tha antema is approsclmately circular# fhe elavatioa 

% 

pattern ia fan shifted a®^ rsaigea fro® 22*5 degraas 
balow ttia horizontal plana to approxisiately 22«S 
dograes ahova (as maasisred at tha half power points)# 

ThQ mtenna has a gain of 5#5 to 5 dioibals orer an 
isotropic radiator (a point som*©© radiating a nnifom 
pattern in all directions)# lomal fli^t attitude 
changes do not effect the reception of signhls# However# 
a sharp tin?n i^ich interposes the wing structure between 

i. 

antenna and transiaitter will blank out signals* 

The aircraft receiver (page 24) is a supeAeterodyns 
type and is designed os a single unit with two 1*P* 
channels to receive both localizer and glide path 
simultaneously* The signals froa the two ground 
stations are detected'^ in a sln^e resonant chamber 
mixer and amplified in separate I*F* olrcuits# pro** 
vision is made in the receiver for reception of any one 
of three possible frequencies which the ground trans*** 
ffilttlng station may have selected* The channel 
selector switch is located in the control box and 
operates relays in the receiver unit to switch in the 

proper crystal for driving the local oscillator at the 

\ 

correct frequency* 

The cross«*pointer TOter# page 26# gives the pilot a 
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visual p?esentatloa of tb© airplanes position in space 
wi tii respect to the Icsasding path. The vertical needle 
is actuated hy the signals from the local iser and the 
horizontal needle Is actuated hy the glide path signala. 
The intersection of the needles represents the position 
of the lending path with respect to the aircraft (reppe*# 
sented hy the small plane fixed in the center of the 
meter)# 5he pilot always flys the small plane^ so to 
apeakjf toward the intersection of the needles# M alarm 
system is incorporated in the receiv(^# If proper 
signals are helng received from the localizer and 
glide path transmitter two neon lamps flash on the 
cross-pointer meter* If signals should fan or he- 
oome erratic the neon lamps go out# 

Since marker beacons only provide discontinuous 
range fixes it is contemplated !diat continnoua range 
information obtained from proposed distanoe measuring 
equipment will compl^aent the vertical and lateral 

informaticaa of thfl glide path end localizer giving the 
pilot an instantaneous three dimensional fix. 


IX* SPEOIFIC DETAILS OF THE SPERRY MICROWAirE SYSTM 

Considering th© microwave system in detail the 
following order will bo followodj transmitteri^ modulator# 
antennas and roceiviiit? equipment* Slno© the glide path 
end looalisor transnittor are very similar only one shall 
be oonsidered* 

Tranamitteg 

The frequency multiplier dock of the transmitter# 
page S8# generates the basic R*F* signals# multiplies 
them is freqtienoy# amplifies them and passes them on to 
the microwave dock* The basic oscillator uses a 4*87 mo* 
quartz oi^stsd which is matched to idie oscillator circuit* 
This whole assembly Is enclosed in a thermostatically 
emtrolled oven* By Uioso means a sta'oillty of plus or 
minus 15 cycles per second or plus or minus *0003^ is 
achieved* The oven contains throe crystals tihioh permit 
operation on any one of thro© different channels* The 
output of the oscillator feeds tho so»oallod 50 mo* unit* 
This chassis contains tiiroe tubes* The first is a 1614 
vdiloh acts as a buffer operating Class A* The second# 
a TSl# operating Class G, doubles the frequency from 
5 to 10 mo* I and the third# also a TSl operating Class 
C# triples the frequency frem 10 to SO mo* The output 
of this unit feeds another chassis called the S70 me. 
multiplier* The first tube on this <^assi3 is an SB9 
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anal pentiofiQ biased fox* Glass C operation whibh 
multiplies the frequency from SO to 90 mo* This signal 
then drives a pair of 826 tubes ishioh triples the fre¬ 
quency to 870 me* operating Glass G* The output of the 
826s is then fed through a coariai line to the so-called 
raicronave deck# Her© the 270 me* power from tt© fre¬ 
quency multiplier deck la fed to a type XS 8531 klystron 
multiplier through a fl©:5ible coasdlal line* This 
klystron has tm resonant cavities# a bvincher and a 
cetdier* The input cavity Is tuned to 864 mo* (channel A) 
and the output cavity tuned to 2640 mo# giving a 
multiplication factor of 10* The 2640 mo* output Of 
the klystron imaltlpller drives a t^pe XZF 8534 cascade 
amplifier klystron# "Bils klystron is a throe cavity 
tube having an oatid® heater type cathode and operating 
with 660 to 800 volts on its beam* The output of the 
tube# about one watt# drives a typo XZP 8529 bombarded 
cathode cascade amplifier klystron prcvidlng 100 watts 
OW power output* The beam voltage of the latter tube Is 
5750 volts. 

As a measure of safety the shells of the toree kly¬ 
strons are at ground potential* Thus t^e cathodes are at 
some negative value below ground* In the XAF 8589 (output 
klystron) the cathode la approximately 5000 volts below 
ground* 




It ishoxiM notctfl bei?© that the total fpecjueney 
nultlplioaticm of tbo B^atm le S40 time 4 Iti© ra&aon 
for tho oloso tolermee on ^le quarts crystal In tbo 
basic oaoUlfetor bcctocs obvious# om cycle drift of 
crystal results in a 040 cycle drift at the microwave 
fi^quoney* 

i'ho output of the fteal klystron te coupled into a 
waveguide starting section ^ich is in turn conneotod to 
the guide feeding the siodulafcor end ■antenna®#' n thermo* 
couple probe in the starting seoticn acts as a relative* 
power*out monitor end as a tuner for the final klystron* 

■ 2hte klystron® used in this transmitter are of the 
narrow bsr^ fteed grid type* ftailug is done by means of 
the paddles i^ioh project Into the resonant chsahers, 
page SI, and provMe a tuning rmge of plus or tainus 
15 TOC* When the paddle is turned so t^at it is parallel 
to the plane surface of the picture eddy currents in the 
vane neutralise a anximum nusher of ma^aetio lines and 
tiai resonator is tmod to its bi^st frequency* Con* 
versely ihoa the vane is turned perpendicular to the 
picture a mteteum aumber of Itees are neutralised and 
the resonator is tuned to its lowest frequency* 

Since tho resonant circuits used in these klystrons 








































ai?© of eooiparabl© sis© to the wevelengtha used the 
klystrons or© temperature senaitlre# Some moBna of 
maintaining the tuh© ©t a constant operating tomperaturo 
must be resorted to* A complete thermostatically 
controlled oooling systesa using ethylan© glycol solution 

V 

08 a coolant is ©mplc^d* 
llOdulator 

Th.^ output of the tranmaitter goes to th© modulator* 
In order to match the modulator to tho output klystron 
a phase shifter is inserted between ^e klystron mid 
modulator* Adjustment of this phase lifter will control 
tho shape of the transsilttcd wave* Ihe modulator is a 
mechanical unit idiich varies tho amplitude of the trans-* 
mitted R*P. signal at an audio rate* This modulator 
page 3S| consists of two metal disks (for the glide path) 
mounted on a coBEaon i^aft which is rotated at a constant 
speed by a synchronous motor* fh© teeth In the disks 
permit on alternate opening aind closing of the waveguide* 
?lhen a tooth is blooklns the waveguide about 1(^ of the 
energy is passed resulting in about 90fd modulation of 
carrier* By suitable shaping of teeth and allowing for 
fringing, approximate sin©«*wav© modulation is obtained* 
The number of teeth and the RBM of the synchronous motor 
determine the audio modulation rate* sreciuenoles of 600 
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fm4l 900 oyeXes per eeeosd are used in this system* 

With tills tFPs of modulation the problem of switching 
from one antenns to another becomes simplified* He* 
ferring again to Rage 33, a portion of the dish has 
no teeth cut in it* ihea this seetion of the dish 
is in front of the wave guide slot, no energy 
imssed down the guide to the antenna, At this time 
the other dish is passing modulated energy* Thus, 
the problm of modulating and switching is combined 
into one (^age 33)* Hence at anyone instant one 
modulated H? beam is being transmitted — reducing 
the possibility of interference l^twen two beams 

being transmitted simultaneously, fhe location of the 
modulator is such that the aicrowave energy from the 
output klystron can vary over a considerable range 
without effecting the position of the landing path, 
since all beams will be effected alike. 

Antennas. 

The glide path antenna. Page 14 consists of a IS 
foot by 3 inch parabola fed by t^ wa^guides one 
above end the other below the focal point. The re¬ 
sult is two sharply defined overlapping bei^s S.S 
degrees wide at the half-power points, 'Kiis equi- 
signal intersection defines the glide path. The gala 
of this antenna is 324 or S5*l decibels above an iso- 
tropio radiator. 
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sMfters are inserted betureen modulator 
and antenna* By properly adiuating tbese phase shift¬ 
ers feed hack from one wave guido to the other Is pra- 
rented. If feedback is present it will pemit 600 ey- 
i^es per second moduleted energy to be radiated from 
the 900 cycle per second ware guide and vice Terse* 

fhe localiser antennas {pages IS end 19) as pro- 
Tiously explained, radiate four patterns in space* 

The :two main beams are 8 degrees wide at the half pow^ 
er points and haye a^gain of 890 or 29.5 decibels orer 
an isotiopic radiator. The cross-over point of the 
two main beams is set at |/0*di to obtain correct 
course sensitiTity* 

The auxiliary antennas are set at 45 degrees to 
each side of the main antenna and radiate broad pat¬ 
terns 60 degrees wide measured at the 0.35 Eiaax/I*^dt 
point wlier^ %ax referred tio the main beam. The de¬ 
sign of these antennas Is sui^ that a gain of 159 or 
22 decibels over an Isotropic radiator is obtained. 

The use of phase shifters in the localizer anten¬ 
na is not necessary since no two waveguides feed a 
sin^e antenna and therefore no feedback is possible. 

Beoeiver. 

The recei|[lng equipment in the aircraft detects 
the localizer and glide path signals and presents them 
to the pilot in the form of raster indications. 






Ecf erring to tli© block dlagraas, Pag© 28, tb© 
reeelired Bignals are coupled into the aixer chaaber 
by a coaxial line ^ich terminates in two probes- fho 
local oscillator frequency is coupled into the caTlty 
by lasans of a loop, The received signals are combined 
with the local oscillator signals and the resultant 
beet frequencies detected. Thus if the localizer ©ad 
gild© path frequencies are 2640 me and 2617 me respect¬ 
fully, and the local oscillator frequency is 2635 me 
the resultsat beat freaueacies of 7 ac and IS mo will 

represent the localizer and glide path signals at the 
input to the IF ampllfiers- 

The local oscillator. Page 39, has five stages- 
Any one of three teaqjcratare-regulated quartz crystals 
can be selected depending upon the transmitter (fen¬ 
nel- These ciystale in conjunction with triacner coa- 
deasere give a frequency accuracy of plus or minus 50 
6:^les. By onergiziag the correct relay the desired 
crystal is choeon. The first stage uses a 6T6 as aaiOs- 
cilla tor doubler in ^ieh the tank is permeability 
tuned the second haisaonic (9-75 me} of the orystal- 
ThB second stage eoasisto of a 6?6 trlpler with the 
tank tuned Inductively to the third harmonic of the in¬ 
put (20.26 ad}. The third stage similarly triples to 
87.7? me and its output is transformer-coupled to the 
third tripler. This sta^ consists of an 832A beam 
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power amplifier operating in pusii pull, whose plate cir- 
oulta are termiimted in a ahort-cirouitea tn^ wire line 
tuned to S63.3 me by a oondenaer across the line, k 
short loop couples the energy from the plate tank of the 
832A to the input resonator of a 2K36 klystron multi¬ 
plier. The output resonator of this klystron Is tuned 
to the tenth harmonic of the input carlty {2633 me). 

^ds output is the local oscillator frequency used ae a 
reference in the sdxer cavity. 

The 7 me and 16 mo IF signals are passed to t'm sim¬ 
ilar IF channels. Tl^se channels have three stagpe of 
eoplification (6SG7S) the output of which is fed to audio 
and A?c detectors. The AV8 deteotor (one-half of a 
6S1,7) produces a voltage for biasing the IF and first 
audio tubes. Ihe audio components of the IF signals 
are detected by the audio detector (one-half of a 6SPU7) 
and passed to the audio amplifier a 9003 tube i^llov^d 
by a 6V6 tuba. The plate circuit of the last audio 
stage has two band pass filters in series with the 
plate supply. One filter is tuned to pass at 600 cycles 
and the other tuned at 900 cycles. The total variation 
of attenuation through the pass band (between 93^ and 
105^ of center-frequency) does not exceed one decibel 
and the insertion loss does not exceed 6 decibels. 

After separation of the 600 and 900 cycle signals they 
ajje passed to two similar copper oxide rectifiers con- 




xieeted in opposition. The voltages developed across 
these rectifiers provide the si^ials to the cross- 
pointer meters. 

In order to provide a mans of Imoifriag v^en the 
e^nlp!icnt is operating properly, each channel e^coites 
h ne<m lamp indicator on the cross-pointer meter. Hoc 
tified 600 and SOO cycle signals are fed to an ampli¬ 
fier tnhe which drives a cetlujde follower normally 
self-biased to approxiitately 45 volts betwen its 
cathode and gmsund. An eudio voltage large enough to 
cause the cross-pointer meter to read causes the cath¬ 
ode follower to conduct and increase its cathode volt¬ 
age to a sufficient value to light a neon lamp con¬ 
nected from cathode to ground. 

The receiver bandwidth is BSO ke, that Is, 

125 kc. iliis determines the limit of the frequency 
variation allowable in the system. 

This variation can be broken up as follows, 
Iransmitteri 

Crystal plus or minus *0003 ^ £ 15 las 

safety factor « £ ko 

Heoelver: 

Crystal and local oscillator circuits 
accurate to a .iSl^ , » ^ kc 

using safety factor of 1.65 » 60 ke 
fhie leaves 60 ke for IF empllfler variation. 




Ae ia€le8t®(l follosriiig aa© 

©3f th© most tftffieult pitohlmm of iastromsat lacS* 
lag «:^st®s i« %M fteoiga of ©oitobl© aatoaaos 
mill pyodose tli© s^talatte pottswaa la 8pm&* 

TM ©poelfieations wiilefe t&e proseat s^s^m mast 
mot are mm followss 
Looallsar 

1* mt prosaat looellmr eoars© ©hall iia SeUaeS 
«a a gtraig^t Mao «it!i a mialmam aeooraoy of 
. a IS f®@t 9s* g $- mils «rlticli@rar is t&e larger* 
S. fhe loosllsser ^©11 te osa^le at all aagles 
up to S iogreos tlio feorleoa* 

3* ^a^r© ©ball be so fmtem eourse® witbia a S5 

degrees of tbe true ©ours# (idtliia llsdts of 
persgrapb Sj, 

4* plane of tb® Xoeeltger- oa^eourse ladica* 
tl<m shall fee peipeadicular to the ^eound 
Cmitbia aagulsr limits of paragraph 2) 

S* fhe mmmgm loeaXiser seQaitlritf shall fes 
S,5 microamperes per ail m 1 slerosaipere 
par mil. {A Aepartarm fro® ©ours© of a 1.3 
degrees In the horiaoatal plana Mil produce 
full scale fly-left or fly-right aster iadi- 
oaticail; Ttm s^aitlrity shall be emsm-^ 
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tially llneap from fall scale fly left to foil scale fly 
ri^t indlcaticosts* 

6« At all points oastsIde of fall scale to fall 
scale coorse-width ap to ♦ 85 degrees fall 
scale fly-left or full scale fly-right In- 
dlcatlcns slmll be obtained. 

7* Ihe line of si^t range of the loceliaer shall 
be 100 miles at asimuth angles up to ^ 8 degree 
es to the coarse* 

Glide Path 

!• Any present glide path shall be defined as a 
straight line with a minlffiam of accuracy of 
0*1 degproe (1*76 mils}* 

2* There shall be no false course below the 
glide path* 

3* Positive fly down indication shall b© given 
by the system between the glide path plane 
and a plane 5 degrees above the glide path* 

4* The average glide path sensitivity shall be 
16*5 jnicroamperos per mil ♦ 2 mlcroaraperes 
per mil (a departure from course of *46® shall 
produce full scale fly-iq) or flydosm meter 
leading}* *n>0 sensitivity shall be essen¬ 
tially linear from full scale fly-up to full 
scale fly-down* 
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&• TbM. i^ngd of the glide path when filing tm 
eonrse shall he a minirsuiB of 60 srlles* 

i 

Two antenna problems shall be conslderedt 
1* An analysis of the glide patAi patterns to 
determine if fliability of coiirse can be 
Improved axid to determine if glide path 
lends Itself to fully automatic landings* 

2, Analysis of the localizer antenna patterns to 
e^certain why paragraphs 3 end 6 in «ie 
specifications are not fulfilled# 

In order to enalise the antenna patterns for tl^ 
purpose of determing the answers to the preceding pro- 
bleii®, field measuresienta were a requisite* '^is cal¬ 
led for both static and dynamic r^asurements of the 
localizer and glide path* Static patterns mre taken 
by measuring the H»F* field pattern using ursnc^ulated 
CW, transmitted from <me beam at at lira* lim dynamic 
patterns were taken with the modulator ruxming and 
or more antennas transmittiz^* 

A grid SOO feet ahead and 500 feet to each side of 
the glide path trailer was measured off and field stre¬ 
ngth measurements taken at 50 foot intervals* The mea¬ 
surement equipment consisted of a standard aircraft rec¬ 
eiver installed In a mobile unit« (page 45)* which towed a 
36 foot tower on which was mounted the receiver an¬ 
tenna* This antenna coizld be moved up and down by means 
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of a motor drive. Page 47, ikn Eaterline -ftngus re¬ 
cording tanlt. Page 48, waa need to record both 
static and d^amic pattern, Ihe recorder uvas in¬ 
serted in the plate circuit of the last IF Stege in 
the receiver in such a x^nner as to present tbs same 
working load to the tube* fhe recorder measured IF 
plate current* As the receiver eppiHjaches the trans¬ 
mitter the signal strength increases - increasing AVC 
acti(m and thereby reducing plate current* By suitably 
calibrating receiver it is possible to measure re¬ 
lative field strength by intelligently interpreting 
the W pla^ ctirrent readings. 

Page 49 shoes the results of an early glide pal^ 
ruaig* Here it is at <aace apparent idrat an Incoaslatency 
exists* Since the pilots cross-pointer meter reading is 
a function of the decibel difference befeyeen the 600 end 
900 cycle patterns the cross-pointer curve and the deci¬ 
bel difference curve should track rather closely ai^ very 
definately cross the axis at the same point (within 
accumulated a^aauz^ment error)* Successive runs in¬ 
dicated that this error was alwyas present* By re¬ 
moving the TOceiver antenna it was found thst indi— 
eaticms were obtained cm the cross-pointer a^ter as 
f>>e receiver was moved about in the antenna field in¬ 
dicating direct leakage into the receiver* This would 
seem off hand as a design limitation of the receiver* 
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Eowevei^ th® two oporatins cca»3itions are quite different* 
Bi an airci:«ft the s^ceiver is in approximately the &mm 
field intensity as antenna «aid the receiver shield 
plus the shleMlng effect of the fneelE®§ ©f tise aircraft 
give at least a 70 declhel difference between antemm 
signal and leakage signal directly int© the receiver 
mixer* Ih the field test set however, the test conditicois 
were such that it was feasible for the ant^ma to be in 
a field 50 to 60 deci^^ls below that In which the receiver 
was located* fh!!© the leakai^ ei^cial can approach in 
ma^iitud® sl^al at the point being measured* 

The problem of shielding at B600 M3 was quit© 
interesting* A copper box coaiqjletely enclosirag the 
receiver and its power supply was not sufficient* ihe 
wire B®sh used to pei*init air cooling of the looal Oscil¬ 
lator klystron offered a low attenuation path to the 
leakage field* Because these ventilatltm holes were 
necessary, short pieces of eiscular waveguide mve 
resorted to* Since a clj?cular waveguide below cut¬ 
off has an attenuation of approximately SO decibels 
per dlas^ter of length, a buncdi of guides below cut¬ 
off and Icmg enou^ to give an attenuation of approx¬ 
imately 120 decibels and with an open area sufficient 
to permit adequate ventilation of the klystr^ were 
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page 5g» 1M.S errectlvely brott^t leak* 
ege down to SO decibels below signal. 

Page 53 shows the i*©3ults after leakage was 
ndnimlsed* *510 dlseiepaney between cross«>potntex« 
jj^ter reading and deoibel-Hiifference crossover points 
is due to a ntasber of possible reasons) outright er¬ 
rors in eievaticHi lall-rocdliig, error in Esstering cir¬ 
cuits (lst»rlln© Angus roccapder ia sluggish aM does 
not follow rapi^ changes in si^al - this is particul- 
arij true near the czose-cver point), eiTors in re¬ 
ceiver audio cii^uita (difference between the inser¬ 
tion losses of either bend pass filters or th® 
copper cxslde rectifiers will cause the cross-pointer 
sjsfejr to read other than scro when the decibel dif¬ 
ference between, 600 and SOO cycle fields is 
geroi 

5?he curves sliow that the first cross-over occurs 
at 40 mile or slightly less than 2,6 degrees* An in¬ 
verse course (zrcceive fly-up signal when proper cor¬ 
rection would be fly-down and vice vei'sa) appeal*® at 
•3^ nils and a false course (coxrect signals but glide 
path angle Is not desired one) oeexsrs at 107 nils ole— 
vatim* The fact that the first inverse course is less 
than 6 degrees above the time glide path is due prl- 
narlly to the short range (150 feet) at which the run 
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waa esade» At shc«»t ranges the beas! pattei^ are not 
008^1©tely fonaed« Qroiind testa at Increased ranges 
and flight tests bear out this statement. 

%s conrse sensitivity at this particular point 
from page SS is 26 mlcroaisperes per mil# Shis Is 
a iBsot« sensitive course to fly than Ihe 18»6 micro- 
aasgseres per sail the specifications call for* ®ie 
fly ability of a system is a very important factor* 

It is conceivable to pr<^uce a flight path which Is 
so precise that it would be issipossible to fly* Thtxs 
the course sensitivity gives a direct Indicatlcsx of 
the fly-ability of toe cotirse* 

Because it is not possible to match feeds aa the 
glide path without sacrificing course sensitivity the 
engular course width {mininnaa off-coisrae angle to pro¬ 
duce full scale doflecticax of cross-pointer needle) can¬ 
not be increased beyt^ad *9 degrees* fbe sair« antenna 
is used to form both glide path beams, page 14* 

Vertical displacement of the beams is obtained by 
moving the effective source of the 600 and ^0 cycle 
energy, above tlm focus for the 600 cycle beam and 
below toe focus for the 900 cycle beam* Ihe result 
is two overlapping beams whose overlap la inversely 
proportl<mal to the displacement* Considering tlMt 
sources at the center of the waveguide openings it 
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becc^s obirious that the miniBiuai off-set of t!^ souxt^es 
vlll be limited by the physical shai^e of the wave¬ 
guides since they are placed raa© on top of the other* 
When the guides are In contact with each other a met¬ 
hod of further Increasing the overlap is to close off 
part of the wave guide opening "^Ich is furthest from 
the focal point* ^his has the effect of moving the 
center of the operture closer to the focal point of the 
cyllnfirical parabola thus bjNjadenlng the course* How- 
©TOr this aresults in a high SPIB in the guld^ feeding 
the antenna* Attoo^ts to match the antenna to the wave¬ 
guide results in changes in course charactoristioa* filth 
the feeds metehed a course width of 6*6 mils was obtain¬ 
ed as a^inat 2S mils with uomtched feeds* A course 
width of perhaps 28 mils would be considered better for 
manual flight purposes* At the present time a SWR of 
lOOOt 1 is tolerated in order to get the widest course* 
It should be noticed that there la a limit to widening 
the cotJrse by simple overlapping of the beams* As 
overlapping lnci*ease3* the angle between the cots^se 
and the first inverse course decreases, resulting in 
poor angular coverage of the system. 

Ihe question then arises convemlng the possible 
effects cm the antenna patterns catuaed by currents 
flowing on the outside face of the waveguide window* 
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It is obviotis that any euw»ents flowing m. the 
face will cause a different effective excitaticm 
across tbe aperture of the wave guide* Since it is 
very difficuldb to tie down the exact magnitude and 
directicm of these currents, an empirical approach 
was considei^d* Buns were then taken with a polylron 
slug on the outside surface of the waveguide wii^ow* 
1!he idea of the slug being to absorb any radiated 
energy caused by these supposed currents on the guide 
winiow* Pages 67 and 68 show the comparative re¬ 
sults* It is noted that in both cases the course 
sensitivity deoreasedi in one case 5*3 in3.croais^re3 
per mil and in the other case 5*3 micrcmmperes per 
mil* Ihis seesiin^y small decrease is si^lfleant 
when the foregoing problem of waveguide spacing is 
considered* The diange in course cross-over point 
indicates the decided effects of the polyiron slugs 
on the mahi beams* Ihis decrease in course sensi¬ 
tivity indicates that the currents which flow on the 
face of the window are of such a magnitude and di¬ 
rection that they tend to increase the distance 
of the effective sources from the focal point of 
the parabola decreasing the overlap of the beams* 

A comprehensive picture of the glide path form¬ 
ed as a result of all of the field measurements In¬ 
dicated that the glide path was not a plane surface 
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«a supposed but up at the eia&8 at tl^ fight aud 

Xaft sMaa of the mutexma* Vertical sectlcms through 
the glide path gar© a straight Hue glide path in fr<mt 
of t!^ anteuna (very close to theoretical ©xpectationj 
and a part ta^ich began to flare at the ©isd as distance 
to left or ri^t of antenna increased* 

fhla iiKMdlately offejra great possibilities for 
autcsaatic landing of aircraft* Ih© s^tem as designed 
was based on a straight line glide path* From simple 
calculations* an aircraft approaching a runway at 
110 miles per hour on a 2*5 degree glide path will hit 
the srunway with a rate of descent of 420 feet per min¬ 
ute* !l^is rate with the added factor that the pilot 
isay be bracketing in a downward directicai at the line 
of contact makes the straight line approach path ia- 
praetical for jsanual fl^to-toucMowa landings or 
fully automatic landings (the BBSthod of decreasing 
the glide path angle to utilize the s^paigbt liiw 
technique for th& above purposes is limited by ob¬ 
stacles surrounding the airport)* The possibility 
of flaring the #id© path just prior to the touch¬ 
down point so that the rate of descent is compatible 
with safe landinge has received conaiderati<m in 
past but has never adequately be^ solved* Pago 60 
shows a cross section of the glide path at a position 
500 feet to the right of the transmitter* The solid 
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lines izKiicate tbe glide patti as cell^ for in the 
speeificatlons exid which Is very nearly true directly 
in front of the sntezma. ^he dotted lines indicate 
the actual glide path SOO feet to the right of the 
transmitter* Ihis flaring can be attributed to a 
ntosiber of reascaist the theoretical lines assume 
plane beams no ground reflection while actually 
since the parabola is fed off-center, conical beams 
are produced which in conjunction with vary definite 
ground refleetim help pr<«iuce the flax^j when the 
angle from the center line of the antenna approaches 
4^ ? or more the glide path is formed by the inter¬ 
section of side lobes - these side lobes are affect¬ 
ed more by second older effects such as irregulai^ity 
in the antenna or sli^t off-set of feeds* Iho broad¬ 
ening of the glide path in elevation is due to the 
fact that the antenna is less efficient at Its edges 
for the oleTOtlen pattem* 

As indicated on page 60 hDC-4 (4 engined aircraft) 
has an antenna height of approximately 23 feet above 
ground* Ihls permits the elrcroft to touch down at 
226 feet 5Ln frtait of the transmitter at a tiice prior 
to the possible reception of a fly—down slf^al* This 
is the required case* 
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Howeii^r, for a IX;-5 {2 engined ai 3 »craft) the an* 
teime la onX^T 3.8 feet end the point of toncMoim 

is 118 feet in front of the transsii tter# Her® it is seen 
that after the aircraft has flared off and before it 
has touched the runway a very decided fly-down si^aal 
la received# !Ehls would tend to produce high stresses 
<m the landing gear and is not conducive to smooth iGnd- 
ings* A continuous fly-down signal is however essential 
for a certnia tiire after contact with tl® runway if 
auttmtatic lading is desired# Since application 
of fully autdaatic landing would most probably be 
applied to the larger aircrafts perhaps ttils would not 
be too great a pira»blem to overcome. However, difficulty 
beco^s evident when operating at great distances to the 
left or right of th® transmitter in OTder to utilise 
this flare. As the angle fr<ua the center line of the 
antenna increases to th® left or ri^t the tilt of the 
beams approaches sero# Half of ihe energy is radiated 
into the grotoad ar«l the beams are very much distorted# 
The result is two interweaving beams with sufficient 
intersections to cause rapid fluctuation of the oross- 
pointor meter. As the glide path angle increases the 
aircraft lands closer to the radiator and the aaisrutti 
angle of the point of contact approaches 90 degrees# 
Hence the duratiesn of the fly-down iisiicaticm becomes 
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shorter aiid shorter* 

The evidence of fXar® was ohserved Qti%y or three 
sj^teias* the caaslstaocy of such a flare and the po 3 *» 
slbtlity of reproducins It in successive equiiaaents is 
qaestlmahle md only after csany field tests with mid 
without gron^ reflection effects could sufficient data 
be obtained to prove the feasibility of Its us© for 
cojspletely automatic landings* 

Localizer 

She localizer field measurements were made by mak- 
ing runs j^rpendicular to the localizer course nwd re* 
cording 600 cycle auxiliary and main beams, 900 cycle 
auxllimcy aM main beams and crosa^pointer meter cur» 
rent readings* 

An ideal cross-pointer curve would be one that 
gave full scale readings to + 85 degrees of tiie lo¬ 
calizer course, no false or inverse course within this 
region and a linear change through zero as the locali¬ 
zer course was crossed* Page 64 shows the KF patterns 
of the four localizer antennas and the resulting croas- 
l^inter a^ter readings* fhese patterns show that the 
first two main beam side lobes on each side are at 
least 12 to 13 decibels down from the main beai^. 

Due to the partition in the main disk, Pago 18 
the beams are not symetrlcal, resulting in the minor 
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2.o 1}€>8 on one siiie of tl® main beasi being longor ti^a 
on the other side# It is unfortimat© that the larger 
minor lobes api^ar m tl^ side of Hi© conrs© opposite 
to that of iihei min beam itself* Tl® decibel curve 
indicates the decibel difference between the two 
main beams only* *ai£s indicates approxiiTately what 
the cro 0 B»pointer meter would read if there wore no 
auxiliary antennas# fbe cross-over is fine, however, 
the speclfieaticm that tl^re be full scale reading 
to + 86 degrees of the localiser course and that tl^re 
shall be no false or Itwers® courses within the region 
is jfitsgrantly violated* fh© lack of full scale reading 
and presence of inverse courses is due in part to the 
fact that minor lobes of the 900 cycle main beam are of 
a magnitude approaching or greater than the-^SOO cycle 
main beam on the 600 cycle side# A similar condition 
exists on tlw 900 cycle side* By adding atnclliary 
antennas it is possible to sub^rge the effects of 
these minor lobes without at the same time altering 
the course characteristics# ihe cross-pointer meter 
reading slujws the dynamic effects of all of the anten¬ 
nas# It is evident here that at 10CK> mils on the 900 
cycle side there is a decided soft spot {point not an 
course where full scale meter deflection is not avail** 
able) accompanied by a false course ax^i an inverted 
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cotirsea are vayy conf^lng* Th© pilot seas tm«»courae 
readings sM x^pid 3B®ter flnctmtions ia legions where 
the pointer should f^maln hard-over. If such courses 
were flown the restilfasf rdght be discs trous% Thus all 
tmomaloua courses imst b© ©llialnctsd within the speci¬ 
fied region to insure ccxisistantly safe laxidlngs* 

Flight checks indicated no soft spots in this parti¬ 
cular regie®# An analysis of the curves indicates a 
consistent dip of the ^0 and 900A beaais at apprenti- 
isately 9CKJ alls on the 900 cycle aide# This leads to 
the ccaiclusion as sumlsed earlier that even at 2640 lac 
and with a tilted-up beam system, ground reflections are 
significant# It should be rei^mbered however, that the 
aircraft usually touches-denm about 400 feet in front 
of the locftliser aM that this run wes esad© at 660 feet 
giving rise to the possibility of incomplete beam form¬ 
ing# 

If tlMs 90QA beam were increased in power about 2#5 
decibels equal that of the 600A beam (this is tt3& 
normal case, the drop here is not due to mismatch In 
the guide but is due to an irregularity in tl^ wave¬ 
guide slot in the modulator, later testa with a new 
modulator gave the sa?^ power out for both auxiliary 
antennas) and the auxiliary beam peaks moved out sli^fe- 
ly the soft spot would be elteinated# In these runs 
correctlcms for the fact that the run was mad© perpen- 
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dleular fco ttio localizer cotirae and not on a circular 
tsmck aroujsd the taramsssitter (constant rang^) was tok¬ 
en into cmsidea^tlon* 

However, a look at Page 16 shows that this at¬ 
tack will not quite solve the problem* The chart shows 
taj# patterns at a hi^ point in the field* Here a sott 
spot between ^6 end 500 mils cm the 900 cj^cle aide and 
a weak spot at 500 Bile cm the 600 side ere evident* 

Any increase in the 900& power to satisfy the 900 cycle 
side will Biake the weak spot on the 600 cycle side a very 
definite soft spot* In any ease an improvement of on© 
side will be detrimental to the other side* 

At this point the idea of using reflecstors on the 
auxiliary antennas was proposed* This reflector was 
to be set at the proper angle to reflect energy in such 
a smmner that the soft iipot would be removed* Ifee tech- - 
niqu© used was to attach the reflectors to the inboard 
side of the auxiliary antennas. Page 69, and orl«at 
them by noting the disappearsncse of the soft spot on 
the cross-pointer meter* The resulting tests showed 
a very decided improvement* Henemberlng that a soft 
spot cjccurs when tlM> cross-pointer meter current drops 
below 150 micrmanperes (full-scale) when not on course 
w© see that with the additional of flaps, Pege 70, the 
very large soft spot between 410 and 9CK) 
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mils was almost completely elimina^a. A rua with the 
aateaDia sll^tly higher indioatea a greater mlcroampex^ 
reading at all points except at 1000 mils on the 900 
cycle aide. At 1000 mils the reading was more than 
adequate at 190 microamperes, fasts also showed that 
these flaps reflected energy from the minor lobes of 
tt^ main antenna in such a way as to decrease the ef¬ 
fects of the minor lobes. 

From the localizer patterns the full sigalficanoe 
of cof^se sensitivity becois^s evident. It is obviously 
desirable to get hl^ angular sensitivity at long 
ranges to prevent wimdering. However, if the seme angu¬ 
lar sensitivity were maintained near the landing point 
the coarse would be too sensitive to fly. Since the 
mater indicates the amount of flight error, it is de¬ 
sirable to have the meter remain on-scale during the 
final phases of the leading. Hy this means the pilot 
has an idea of where he is with respect to the course. 

fhe reduction of course sensitivity is called course 
broadening, ihe breadth em be increased by raising 
the relative cross-over intensity of the main beams 
mid reduced by lowering the cross-over point of the 
beams. 

Consider again the angular sensitivity of the 
course with a constant angular sensitivity the flyabll- 
ity of the course apparently becomes aaore difficult as 
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til© raag® f,rom tbe tarsassdtter doer©©©©©. A fixet 
liaesur de'^atloa fitm m coarse at e r®ag® of t«o iilles 
wllX pfofiace onXf oae Mlf tli© scale deflectloa as tli® 
SEsao dOTlatioa at oae sslle. fhcs as rea^ decreases 
til© mil derlatioa %hm erosspoiater readlag) will 
Ijiereas© for s fixed lateral dsviatioa* If It were 
possitl© to treadea tb® cooreo in such a aanaer that 
during the final phase of the approach the coavergeae© 
tmuld not be too great the fljabllity of the course 
m>uld be improved* 

so-called couree-softeaiag has been tried la whi<^ 
the audio tubes have beea biased by Ate action la such 
a manner that the output drops off as reag© Is deereseed 
so that the apparent sensitivity of the coarse Is re¬ 
duced. fhle techal^u® Ms aot proven satlEfaotory 
since A?C voltage Is aot a precise mesas of ssessurlag 
i^nge end further the AYC sctlc© 1© differeat for 
verlihis receivers, fhls ««>uld n^he the chareoterls- 
tles of the course a fuactioa of the rsoelver end ©aoh 
oa© would be different. If a proolse mesas of aeasar- 
lag x^g© were available (as la Distance Measuriag 
BQUij^eat - US) then this laforMtloa could be used to 
oaatrol the sensitivity of tM receiver's output as a 
fuactioa of raage. Whea UlS equipment Is adapted for 
use la the alero^ve system It seems at the preseat 
tim- to be a .feasible soluti<m to the problem. 




IV. op SySTM 

Th9 results of tb© foregoing field tests indioet© 
tiiat ground aeasuring techniques will suffice to deter* 
inine the actual antenna patterns and can he extrapolated 
to determine what taJMS place at much greater range in 
the flight approach path. Providing the heaas have coa* 
pletely formed tl^se ground measurements are sufficient 
to determine the opexmting characteristics at the system 

as a whole* 

considering the aicro^ve landing system as an 
Integrated system it becoiaes evident that there are many 
advantages peculiar to it. 

1. Antenna size - It is of gi^at advantage to have 
sharp narrow beams yet have small antennas. Page 74 
shows the relative antenna heights to produce the same 
beam width (B degrees} at different frequencies. Keeping 

S 

in mind that large antennas present hazardous obstacles 
In a flight landing area and that the antenna pattern 
should be independent of variables such as tl:^ ground 
the advantages of a system operating in the microwave 
region becomes obvious. 

S. Tllted*up antenna systems * Hot only ere the 
beams sharp and independent of the gz^und for lattem 
formation but the natuz^ of their up tilt reduces to a 
minimum the emomt of interference by reflection. 

3. Mobility * The fact that the equipment can be 
sat up optically leads to portability and ease of re- 
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relative 'HEIGHT OF GLIDE PATH ANTENNAS 








locating on one of a number of runways on the s^e 
airfield* 

4. Spectrum Utilizati^ • CW mlcrowair® techniques 
permit the fullest use of the HF spectrum, since the 
frequency stability is of a high order end the Intelli¬ 
gence required for instrument landing purposes is of a 
siaple nature the transmission bandwidths are narrow. 

5, Future utility - A very important consideration 
of any present day landing syst^ is its possible 
edaptebillty to automatic approach techniques. When a 
great effort is expended on malting a system provide a 
hi^ly accurate flight path In space it is invariably 
found that the more ecoui^te end precise the path the 
more difficult it is to fly. For automatic approach 
this does not offer a great probl^ however, it must 
always bo remembered that at any point on the approach 
path, should the autcmiatlo equipment fail, the system 
must be capable of being flown manually with sufficient 
accuracy to permit a safe landing. 

The Sperry ayroscope Coapany has autoumtic approach 
equipment as ^ adjuiict microwave landing sys¬ 

tem and «diich can also be used on the CAA or SCS-5i in¬ 
strument landing systems. Ihis equipment provides auto- 
swttlo bracketing of the localizer when the control 
switch is in ^localizer’* posititm. Upon interception 
of the glide path the switch is set on “approach* and 



combined bracketing of both localizer and glide path 
beams results, fhis operating in ooninnction ifd.th the 
k-XZ antomatic pilot, which automatically seta the air¬ 
craft tab controls as flight attitude changes, mid an 
aut(mtic air-speed control proyides a smooth approach 
to the runway with a minimum of hunting and bracketing. 

Flight tests show that automatic flight is three 
times accurate than the beet manual approach by a 
pilot familiar with instriaaent approach technioues. fo 
illustrate this point consider the glide path shown in 
Page 77. Here the numbers on the curTc indicate mil de- 
yiation from the true ^ide path and the numbers on the 
left side indicate ran^ in miles. At approximately 
8 miles the automatic approach equipment is engaged and 
a slight hunting and bracketing takes place. At a 
range of B.5 miles the pilot takes over and flys manual¬ 
ly. Note the Increase in mil deriation from the true 
path* Hote also tliat it is the last mile or so ^ere 
doTietion assumes a major is^ortanee. fli^t bracketing 
corrections as the range decreases beooi^ comparable to 
the total height of the aircraft aboye the terrain. 
Manually this system can be flown safely down to 50 to 
100 feet aboye the runway. Automatic approach tech¬ 
niques reduce this altitude to 5 to S5 feet. 

Pa^ 73 shows a localizer flight recording. Rote 
the point of engagement of the automatic pilot on the 
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localizer and initial braoket. Altliough tbls flight 
took place in rough air and a considerable cross-wind 
the mxlmuffi deviation frcm the true course was only 3 
mils and this taking place at about 1 mile macmnts to a 
lateral deviation of approximately 15 feet, As indi¬ 
cated at 2000 feet altitude the glide path was inter¬ 
cepted and the aat<mtic approach equipment switched to 
final approach position. From this point on, both beams 
were being bwiK^eted siaultane<msly. The advantage of 
automatic approach la eagain very evident on Page 80, 
Hero the glide path is flown manually and in very rough 
air, Tl^ maximum mil deviation fsoia the correct glide 
path angle Is 7 mils, Hote excessive bracks ting 
and overshooting between 0 and 1 mile range. However 
maximum deviation in this range did not exceed 3 mils 
or 15 feet. 

In conclusion it can be said that the employment 
of microwave techniques in a landing system which is 
adaptable to automatic approach and in the future to 
completely autO!£@tic landings indicate a great stride 
towards the ultimate in consistently safe and dependent 
aircraft landing systems. 
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